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 Mission statement:  
 The primary mission of the Office of         
Geotechnical Engineering Services is to deliver our 
customers the most accurate and cost-effective 
Geotechnical recommendations for the design and 
construction of Hoosier highways and bridges, in a 
timely manner.  
Office of Geotechnical Services 
Overview 
 What are change orders? 
 How common are change orders on 
transportation projects? 
 Managing change orders related to 
geotechnical engineering 
 Future goals 
 Questions 
What is a Change Order? 
 
 When the scope of construction work 
changes.  
 A supplement to the existing construction 
contract or the original plan.  
 Increase in construction costs and extend the 
amount of time of the project. 
 
How Common are Change Orders? 
 According to JTRP Study (SPR-2811) at Purdue: 
 National average of cost overrun: 5 to 10% 
 INDOT average of cost overrun: 4.5% 
 JTRP Study (SPR-3224) at Purdue: 
 Main focus on change orders in geotechnical area 
 Average geotech CO per district per year: 
 1.34% of the total estimated construction cost 
 10.25% of the total change orders 
 28% of studied contracts experienced geotechnical change orders.  
 41% of road contracts 
 37% of bridge contracts 
 
 
 Current analyses source data: 
 This data is derived from the MIP reporting tools, 
Construction Tab, Contract Change Order Details 
(ConIIIF) report. 
 There are contracts that were let in 2012 and 2013 
that are still under construction that may incur 
additional change orders.  
 Period covered: 
 All change orders recorded for the contracts let from 
7/1/2008 (FY 2009) to 6/30/2013 (FY 2013). 
How Common are Change Orders? 
How Common Are Change Orders? 
Letting FY Total CN $ # of CO Sum of CO % CN $ AvgCO $ 
2009 $1,304,001,221 3303 $67,028,995 5.1% $20,293 
2010 $1,309,114,274 3512 $65,470,510 5.0% $18,642 
2011 $1,437,244,945 3110 $102,238,845 7.1% $32,874 
2012 $970,357,506 2121 $41,502,491 4.3% $19,567 
2013 $960,666,432 1450 $28,571,623 3.0% $19,705 
Avg $1,196,276,875 2699 $60,962,493 4.9% $22,216 
 Construction Cost vs. CO 
How Common Are Change Orders? 
Letting FY 
CN $$ with 
Geotech 
# of Geotech 
CO 
Sum of Geotech 
CO 
% of Total CN 
$$ 
Avg CO $$ 
2009 $687,906,509 164 $13,039,699 1.9% $79,510 
2010 $770,054,945 133 $7,749,242 1.0% $58,265 
2011 $820,845,056 166 $21,194,092 2.6% $127,675 
2012 $448,596,793 93 $7,484,838 1.7% $80,482 
2013 $196,926,840 68 $2,251,146 1.1% $33,105 
Avg $584,866,029 125 $10,343,803 1.7% $75,808 
Construction Cost vs. Geotech CO 
Managing Change Orders 




Managing Change Orders 
 How do we manage change orders? 
 Reason for change orders & codes 
 Error & omissions 
 Scope changes 
 Changed field conditions 
 Failed material 
 Incentive/disincentive 




Reason for CO & Code Reason Type 
Reason 
Type Code 
Reason CO Reason Type CO Reason 
101  ERRORS & OMISSIONS, Contract Related Errors & Omissions Contract Related 
102  ERRORS & OMISSIONS, Design Related Errors & Omissions Design Related 
103  ERRORS & OMISSIONS, Environmental Errors & Omissions Environmental 
104  ERRORS & OMISSIONS, Materials Related Errors & Omissions Materials Related 
105  ERRORS & OMISSIONS, Permits Errors & Omissions Permits 
106  ERRORS & OMISSIONS, Quantity Related Errors & Omissions Quantity Related 
107  ERRORS & OMISSIONS, R/W Related Errors & Omissions R/W Related 
108  ERRORS & OMISSIONS, Soils Related Errors & Omissions Soils Related 
109  ERRORS & OMISSIONS, Staging Related Errors & Omissions Staging Related 
110  ERRORS & OMISSIONS, Traffic Control Errors & Omissions Traffic Control 
111  ERRORS & OMISSIONS, Utilities Related Errors & Omissions Utilities Related 
Reason for CO & Code 
Reason 
Type Code 
Reason CO Reason Type CO Reason 
301  SCOPE CHANGES, FHWA Scope Changes FHWA 
302  SCOPE CHANGES, Central Office Scope Changes Central Office 
303  SCOPE CHANGES, District/Subdistrict Scope Changes District/Subdistrict 
304  SCOPE CHANGES, District Construction Eng Scope Changes 
District Construction 
Eng 
305  SCOPE CHANGES, Area Engineer Scope Changes Area Engineer 
306  SCOPE CHANGES, Project Engr/Supervisor Scope Changes 
Project 
Engr/Supervisor 
307  SCOPE CHANGES, Traffic Engineer Scope Changes Traffic Engineer 
308  SCOPE CHANGES, Local Agency Request Scope Changes Local Agency Request 
309  SCOPE CHANGES, Public/Political Request Scope Changes 
Public/Political 
Request 
Reason for CO & Code 
Reason 
Type Code 
Reason CO Reason Type CO Reason 
401  CHANGED COND, Construction Related Changed Cond Construction Related 
402  CHANGED COND, Environmental Related Changed Cond Environmental Related 
403  CHANGED COND, Materials Related Changed Cond Materials Related 
404  CHANGED COND, R/W Related Changed Cond R/W Related 
405  CHANGED COND, Soils Related Changed Cond Soils Related 
406  CHANGED COND, Staging Related Changed Cond Staging Related 
407  CHANGED COND, Utilities Related Changed Cond Utilities Related 
500  FAILED MATERIAL Failed Material   
Reason for CO & Code 
Reason 
Type Code 
Reason CO Reason Type CO Reason 
601  INCENTIVE/DISINCENT, Contract Compl Incentive/Disincent Contract Compl 
602  INCENTIVE/DISINCENT, Contract Payments Incentive/Disincent Contract Payments 
603  INCENTIVE/DISINCENT, Cost Reduction Incentive/Disincent Cost Reduction 
604  INCENTIVE/DISINCENT, A+B Contract Incentive/Disincent A+B Contract 
605  INCENTIVE/DISINCENT, A+B+C Contract Incentive/Disincent A+B+C Contract 
701  STANDARDS/SPECS CHANGE, Completion Time 
Standards/Specs 
Change Completion Time 
702  STANDARDS/SPECS CHANGE, Contract Payment 
Standards/Specs 
Change Contract Payment 
703  STANDARDS/SPECS CHANGE, Other 
Standards/Specs 
Change Other 
900  FINAL QUANTITY ADJUSTMENT 
Final Quality 
Adjustment   
901  REPAIRS TO DAMAGE TO STATE PROPERTY   
REPAIRS TO DAMAGE 
TO STATE PROPERTY 
15 
Causes of Geotechnical CO 
 Inadequate geotechnical investigation. 
 Failure to identify areas of poor subgrade foundation soil 
by the geotechnical engineer. 
 Mismatch in quantities. 
 Change from lime to cement during construction. 
 Designer’s misinterpretation of geotechnical 
recommendations or designer’s error. 
 CO reported under wrong codes in site manager. 
 Construction deficiencies. 
 Scope change without the knowledge of our office (soils 
waiver projects). 
Errors & Omissions 









Changed Field Conditions 
Rutting in subgrade 
Changed Field Conditions 
SPT sampling did not encounter these logs 
Changed Field Conditions 
Changed Field Conditions 
Huge logs were excavated from under the old pavement 
Failed Material 
 I-465 between I-69 & Allisonville Road, 
northeast side of Indianapolis: 
 Lime Kiln Dust (LKD) use in subgrade causing 
heaving  
 U.S. 24 in Allen County: 
 Cement Kiln Dust (CKD) use in subgrade causing 
heaving  
Failed Material 
U.S. 24 – pavement heaving problem 
Incentive/Disincentive 
 Cost Reduction Initiative (CRI): 
 Common on INDOT projects, such as changing 
subgrade treatment from one type to another to 
save money. 
 Change foundation type. 
Standard/Specs Changes 
 Standard and spec changes effect ongoing 
contracts, such as the inclusion of sulfate 
testing requirement or the use of filter fabric 
behind the open graded backfill for MSE wall.   
 









Measures Taken to Minimize CO 
 Piling 
 Deepen the borings (from 50 feet to 90 feet). 
 Increase lab testing. 
 Changes in design approach. 
 Development of new specs.  
 Pile testing during construction. 
Measures Taken to Minimize CO 
 Subgrade treatment 
 Perform more borings for subgrade. 
 Lab testing, such as moisture & resilient 
modulus. 
 Modified and standardized subgrade design. 
 Identify cement modification during design. 
 Development of new specs based on several 
demo projects such as chemical modification. 
 
Measures taken to Minimize CO 
 Geotechnical process improvement 
 Coordination with the design and construction team. 
 Foundation review form. 
 Geotechnical review of final check prints. 
 Review of letting plans. 
 Review & approve contractor’s pile driving system. 
 Perform drivability analysis. 
 Review test pile load data and approve pile driving 
criteria for production piles. 






Foundation Review Form 
Pile Loading Testing Summary 
SUMMARY OF PILE LOADING FOR GEOTECHNICAL TESTING 
 
Support No. 1 No. 2 No. 3 No. 4 
Pile Size, Type, and Grade                         
Factored Design Load, QF (kip)                         
Factored Design Soil Resistance, RR (kip)                         
Resistance Factor φdyn                         
Downdrag Load, DD (kip)                         
Nominal Soil Resistance, Rn (kip) *                         
Downdrag friction, Rs dd (kip)                         
Scour Zone Friction, Rs scour (kip)                         
Relaxation of Tip in Shale, Rrelax (kip)                         
Nominal Driving Resistance, Rndr (kip)                         
Testing Method Standard Specifications Section 701.05(     ) 
 
The MSE-wall or modular-block-wall factored applied pressure shown on the wall envelope is 
less than the factored bearing resistance.  Yes   No   n/a  
 
Notes: 
* In Calculation of DD, γp = 1.4 
 
QF ≤ QF max 
QF ≤ RR 
 











To calculate Rndr: Rndr = Rn + (Geotechnical Losses) (Rs scour or Rs dd or Rs liq) 
 
Other:       
 
 
Approved by: ____________________________ Date:       
   (Signed) Geotechnical Engineer 
 
Reviewed by: ____________________________ Date:       
   (Signed) Reviewer,  INDOT   Consultant,       
 
Reviewed by: ____________________________ Date:       
   (Signed) Director, Bridge 
 
 
Final Check Prints 
Pile and Driving Equipment Data Form 
Geotech CO Code 108 & 405 
FY # of COs 
Reason Type 
Code 
Total Of CO 
Amount Crawfordsville Ft_ Wayne Greenfield LaPorte Seymour Vincennes 
2009 
27 108  $1,094,717 $7,187 $236,875 $100,768 $8,770 $300,255 $440,862 
137 405  $11,944,982 $284,308 $7,494,147 $1,805,965 $728,673 $283,946 $1,347,944 
2010 
21 108  $1,886,346 $48,533 $13,087 $13,264 $1,747,861 $3,422 $60,177 
112 405  $5,862,897 $386,612 $159,187 $1,020,951 $2,164,613 $500,969 $1,630,565 
2011 
23 108  $2,125,671 $6,020 $80,673 $23,108 $41,350 $1,974,520 
143 405  $19,068,420 $656,519 $975,872 $1,915,635 $4,136,807 $325,735 $11,057,851 
2012 
8 108  $44,468 $71,010 -$119,438 $61,741 $31,155 
85 405  $7,440,370 $110,387 $298,778 $1,181,011 $3,507,931 $638,540 $1,703,723 
2013 
8 108  -$219,793 $791 -$242,020 $21,435 
60 405  $2,470,940 $382,078 $267,963 $113,599 $877,662 $261,568 $568,069 
108  ERRORS & OMISSIONS, Soils Related 
405  CHANGED COND, Soils Related 







2009 2010 2011 2012 2013
Soils Related Change Orders as a Percentage of All 
Change Orders in Terms of Cost 
Soils Related Change Orders Linear (Soils Related Change Orders)
Recommendations 
 Investigation: 
 Perform more borings and field & lab testing to 
avoid surprises during construction. 
 Promote the use of geophysical investigation. 
 Integrate geotechnical recommendations into 
overall project scope with constructability in 
mind. 
 Coordination: 
 More coordination between geotechnical 
engineer, designers and construction personnel 
during design phase. 
 
Recommendations 
 Consultant selection: 
 Do a better job in selecting a geotechnical 
consultant, the expertise of a geotechnical 
consultant must match with the project technical 
challenges. 
 Allow subject area experts to have greater input in 
consultant selection. 
 Create a mechanism for a geotechnical consultant 
to be on site during construction. 
 Make sure to perform adequate geotechnical 




 Provide training to geotechnical consultants & 
staff engineers for latest changes in INDOT 
requirements. 
 Provide training to designers for proper 
interpretation of geotechnical recommendations. 
 Provide proper training to construction folks. 
Future Goals 
 Reduce the number of geotechnical change 
orders by 25% of total CO within 5 years. 
 Reduce the cost related to geotechnical 





 INDOT Mission:  
 INDOT will plan, build, maintain and operate a 
superior transportation system enhancing safety, 
mobility and economic growth 






 Six district offices 
 3,536 employees 
 $1 billion/annual capital expenditures 
 28,400 total roadway lane miles 
 5,300 INDOT-owned bridges 
 Assists 42 railroads in planning & 
development of more than 3,880 
miles of active rail lines 
 Supports 69 Indiana State Aviation 
System Plan airports 
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